Background:
infection has proved efficacious in reducing morbidity and mortality and suppressing viral replication [1, 2] . However, virologic or immunological failure, drug toxicities, drug interactions, and problems with adherence, often lead to discontinuing, interrupting, or switching HAART regimens. These changes, particularly early modification of initial HAART medications within the first year of therapy, have been associated with poor clinical outcomes [3] . Also, exposure to the finite number of treatment medications available can diminish the effectiveness of related drugs in future therapeutic regimens [4] . Both the International AIDS Society-USA Panel [5] and the Department of Health and Human Services [6] have cautioned against prematurely switching antiretroviral regimens because of limitations placed on future treatment alternatives due to potential or actual development of viral resistance.
The reasons for switching HAART medication regimens are multifactorial and include failure of current therapy, drug toxicity and drug interactions, as well as non-compliance [7] . Studies have shown that patients with lower mean CD4 + count and higher HIV RNA levels are more likely to switch HAART [4, 8] . Marital status as well as time from HIV diagnosis to HAART initiation has also been associated with HAART treatment modification [9, 10] .
Many individuals infected with HIV and treated with HAART are from U.S. minority race/ethnicity groups [1] and although reports have suggested that race/ethnicity is a risk factor for changing/switching the HAART regimen, few studies have investigated regimen switching in minority populations; however, African-American race has been associated with switching, interrupting [2] , and discontinuing HAART [7, 11 -14] . The effect size of African American race on discontinuation (HR 1.26) was similar to that of higher pill burden in one report [7] and the adjusted odds of interruption for African Americans (OR 1.77) was similar to the effect of depression in another [12] . Hispanics have been less well studied, but one report that grouped Hispanics with African Americans and Others showed a 2-fold hazard for discontinuation of HAART [13] . Additionally, studies have shown possible differences between races/ethnicities in adherence and ability to manage drug toxicities [15 -17] . In these studies, potential confounding due to the association of race/ethnicity with social factors, such as and access to healthcare and medications, has been challenging to address.
The U.S. Military HIV Natural History Study cohort minimizes many of the confounding social factors and so, we sought to address this question. If race/ethnicity is not itself a risk factor for early HAART switching, which is associated with poor clinical outcomes [3] , then clinical and public health efforts to improve HAART outcomes can be focused toward access to healthcare and medications, as well as other related factors. The U.S. Military HIV Natural History Study (NHS) provides the ability to evaluate associations between race/ethnicity and clinical outcomes without many of the socioeconomic confounders in other cohort studies. Within the military healthcare system there is free cost and equal access to healthcare and medications, and military members have steady income and a minimum of a high school education or equivalent. Previous studies in the NHS have shown that despite this, African Americans were less likely to achieve viral suppression after initiating HAART [18 -19] . However, clinical outcomes after HAART initiation were similar among races/ethnicities in other studies in our cohort [20, 21] , although risk factors for adverse outcomes may differ by race/ethnicity. We sought to test the hypothesis that in a U.S. military cohort, non-Caucasian race/ethnicity HIV-positive patients are no more likely to switch initial HAART regimens within a one-year period of time than Caucasian subjects while also exploring other factors related to HAART switching.
METHODS

Study Population
The U.S. Military HIV Natural History Study (NHS) is a prospective cohort study consisting of HIV+ Department of Defense (DoD) beneficiaries including active duty military personnel, retirees and dependents [20] . Since 2000, active duty members undergo routine biannual HIV screening, therefore disease is frequently diagnosed early in its progression. Active duty HIV+ individuals seen for care at one of the six NHS sites are offered participation in the study. NHS subjects have study visits approximately every 6 months where data including demographics, medical history, medications, and lab tests are collected. All participants provide signed informed consent and the NHS protocol has been approved by the central institutional review board (IRB) at the Uniformed Services University of the Health Sciences (USU) for all participating sites.
Study Design
HAART naïve subjects from the NHS initiating HAART from 1996 through 2012 were included for analysis.
Baseline was defined as time of HAART initiation. As the NHS is an observational study, therapy was initiated by individual providers based on treatment guidelines and patient preferences. Initial combination regimens for the treatment-naïve were generally prescribed in accordance with the U.S. Department of Health and Human Services (DHHS) guidelines for the use of antiretroviral agents [6] .
For this study, HAART regimen is defined by the schematic in Fig. (1) . Any regimen not meeting the definitions for HAART was deemed a 'non-HAART' regimen. A 'switch' was defined as a change in prescribed HAART regimen from one of the six defined classes (referred to hereafter as 'regimens') to any another HAART or non-HAART regimen within the first year of HAART initiation. Because early modification of initial HAART medications have been associated with poor clinical outcome in HIV patients, we chose to focus on this question and limited the analysis to the first year after HAART initiation. For individuals who switched multiple times during the first year of therapy, the first new regimen was deemed the 'switched to' regimen. Discontinuations were also noted. Analyses were stratified by year of HAART initiation grouped into three periods (1996-2001, 2002-2007, 2008-2012) , roughly corresponding to eras of changes in first-line HAART regimens and/or DHHS guidelines. Factors analyzed for association with regimen switching included: demographics, baseline HIV related factors, prevalent chronic medical conditions at HAART initiation including chronic obstructive pulmonary disease (COPD), coronary artery disease, malignancy other than basal cell carcinoma, active tuberculosis, anxiety disorder, major depression, obsessive-compulsive disorder, post-traumatic stress disorder, and prior suicide attempt, as well as nine serum markers measured at baseline (ALT, AST, creatinine, hemoglobin, total bilirubin, HDL, LDL, triglycerides, and glucose). Data regarding reasons for switching regimens were not captured in the database, so were not available for analysis. Race was captured as single, mutually exclusive categories; because of small numbers, those self reporting race as Asian/Pacific Islander, Native American/Alaskan Native, or Other (specify) were grouped in a single category, 'Other race.'
Statistical Methods
Student t tests and chi-square tests were used to compare differences in demographic characteristics and HIV related measures between HAART switching and non-switching groups. The odds of switching HAART between ethnicity groups were calculated using logistic regression with 95% confidence intervals. Univariate models were used to test associations of demographic characteristics, HIV related measures, and HAART initiation era with switching. All univariate factors were initially included in the multivariate models and removed in a backward stepwise fashion based on an alpha of 0.05. All analyses were conducted using SAS 9.4 (Cary, NC).
RESULTS
2457 subjects met the inclusion criteria. The population studied was predominantly male (91%) with a median age of 34 years ( Table 1) . 42% of the cohort were Caucasian, 43% African-American, 9% Hispanic and 6% were Other race. 65% of the subjects initiated HAART during 1996 HAART during -2001 HAART during , 19% during 2002 HAART during -2007 HAART during and 15% during 2008 HAART during -2012 . Overall, the most common regimen initiated was unboosted PI (51%) followed by NNRTI (34%) and boosted PI (7%). At the time of HAART initiation 84% were active duty. There were significant differences in HIV viral load, but not CD4 count at HAART initiation between race/ethnicity groups ( Table 1) ; however, the largest proportion of subjects in each group had viral loads greater than 10,000 log 10 copies/ml and CD4 counts above 350 cells/ml. Those in the Hispanic and other groups had a significantly shorter time between HIV diagnosis and HAART initiation and significantly more individuals in these groups started HAART in the 2008-2012 era than the 1996-2001 era compared to Caucasians and African Americans ( Table 1) .
HAART Regimens
Caucasians were significantly more likely to have malignancies other than basal cell carcinoma, and coronary artery disease at HAART initiation. Major depression was diagnosed in 24.2% and anxiety disorder in 8.8% of the total population, but each were significantly lower in African-Americans compared with Caucasians, Hispanic or Other racial groups. There were several baseline lab values that were statistically different between ethnicities (AST, total bilirubin, HDL, LDL, triglycerides, creatinine and hemoglobin), but these were not felt to be clinically significant. (Table 1 and Supplementary Table S1 ). 
Trends in Initial HAART Regimens and Switching
Of the 2457 subjects, 24.8% switched HAART regimens within the first year of initiation, 23.1% continuing on another regimen and 1.8% discontinuing therapy. Reflecting the regimens used at the time, most subjects initiating HAART from 1996-2001 started unboosted PI regimens (n=1,215, most were indinavir or nelfinavir) followed by NNRTI (n= 245) and had a 30.2% and 22.5% switch rate in the first year, respectively. 
Factors Associated with HAART Switching
Of the total study population, 26.1% of Caucasians, 22% of African Americans, 27.2% of Hispanic and 33.6% of the Other race group switched HAART regimens within one year of HAART initiation. In multivariate analyses, the odds of switching HAART regimens at one year were significantly lower for African-American race (aOR 0.76, 95% CI 0.65, 0.98) and significantly higher for Other race (aOR 1.77, 95% CI 1.11, 2.83) compared with Caucasian race. There was no difference in odds of switching between Hispanic and Caucasian race (aOR 1.22, 95% CI 0.84, 1.77). Additionally, dependent status had a higher odds ratio of regimen switch compared with active duty (OR 1.66, 95% CI 1.15, 2.41). Other demographics such as gender, marital status and rank were not significantly associated with regimen switching.
HIV related factors including low CD4, high viral load, and earlier HAART initiation era were associated with increased odds of switching ( Table 3) . Initiating HAART at CD4 <200 cells/ml compared to >350 cells/ml was associated with a two-fold higher risk of switching HAART in multivariate analysis (aOR 1.94, 95% CI 1.43, 2.63). Similarly viral load >1,000 copies/ml significantly increased the odds of switching HAART compared to <400 copies/ml (aOR 1.82, 95% CI 1.13, 2.94 for viral load 1000-10,000 copies/mL and aOR 1.67, 95% CI 1.07, 2.6 for viral load >10,000 copies/mL). ARV use prior to HAART initiation was associated with increased odds of switching HAART in both univariate and multivariate analyses (aOR 2.06, 95% CI 1.63, 2.62) ( Table 3) . Prevalent comorbidities including diabetes, malignancies, anxiety disorder, bipolar disorder, major depression, and prior suicide attempt were all independently associated with increased odds of HAART switching. In multivariate analyses, major depression remained significantly associated with switching (aOR 1.48, 95% CI 1.15, 1.9) ( Table S2 ). When comparing factors significantly associated with regimen switching by race just among patients that had a regimen switch, Caucasians were slightly older (p=<0.001) and had more prior ARV use (p=0.05). CD4 count, HIV viral load, and history of depression were not statistically different (Table S3) . 
DISCUSSION
This study showed lower odds of switching HAART medication regimens in African-Americans and no greater odds in Hispanics compared to Caucasians at one year after initiating HAART, however other races were more likely to switch, but constituted a small proportion of studied subjects. It is important to characterize the frequencies of switching specific HAART regimens as this provides an estimation of the rate at which the regimens may be failing or intolerable. We used the U.S. Military HIV Natural History Study to evaluate the frequency and type of HAART regimen switching over a 15-year period focusing on differences among race/ethnicity groups in a setting with minimal socioeconomic confounding. The proportion of subjects who switched regimens in this study is lower than that generally reported in the literature possibly related to fewer socioeconomic and healthcare availability factors in the military setting. However, elements known to be associated with HAART medication (HIV viral load and CD4 count) demonstrated statistically significant relationships in this study to odds of switching at 12 months [4, 22] .
While studies have described frequencies [8, 23, 24] , probabilities [25, 26] and risk [27] of discontinuing or switching HAART regimens as well as proportions of subjects changing [28] , interrupting [29] , or stopping/discontinuing [30] medications, few studies have documented trends in discontinuing or switching HAART medications in minority populations. Data from the Women's Interagency HIV Study [11] showed that compared to those who did not switch from their initial regimen, those who did switch were significantly more likely to be African American (65% vs 50%). In studies that did not specify HAART-naïve subjects, Li et al. [12] found that Black race was an independent predictor for short interruption of HAART for </= 7 days (OR 2.42, 95% CI 1.23, 4.74); also, Yuan et al. [7] described that Black race was predictive of discontinuation (RR=1.28, 95% CI 1.13, 1.45) while Robison et al. [14] illustrated Black race was associated with discontinuation (OR 1.68, 95% CI 1.80, 2.60) for virologic failure/ nonadherence. In our study, there was a lower odds of switching HAART regimens in African-American compared to Caucasian race in both univariate and multivariate analyses. This may be explained by equal access and lower barriers to medical care seen in the military healthcare system.
There have been few studies that have further stratified other races and thus few data are available on HAART switching among Hispanic populations. In our study they were noted to have no higher rate of discontinuation when compared with Caucasians. Finally, there were increased odds of switching HAART among the Other race group compared to Caucasians even in multivariate analyses that may be related to the relatively small numbers in this group. All of the above differences were noted to be despite similar breakdown by CD4 and viral load and an increased proportion of the group starting HAART in later periods.
In this NHS cohort, while 24.8% of the study subjects switched regimens, the vast majority of those patients switched in the earliest time period of 1996-2001 (76.4%). This finding makes sense as most of the subjects in our cohort initiated HAART in the earliest period, marked by higher pill burden and regimen toxicity, as well as lower potency. Mocroft et al. [28] found the incidence of any discontinuation of HAART was significantly lower after 1999 compared to before [incidence rate ratio 0.43, 95% CI 0.35, 0.53]. Also, Cicconi et al. [26] This study demonstrated clear, significant associations between HIV viral load, CD4 count, as well as having depression, and odds of switching HAART regimens. These associations are reassuring as indicators of internal study validity. The association with depression is particularly interesting given associations previously described between depression and HAART uptake and adherence. Depressed patients with HIV infection are an important group receiving HAART prescriptions and this association may suggest this population would benefit from additional provider/clinicbased interventions, including enhanced adherence counseling, support, or closer monitoring after HAART initiation. Furthermore, the significant association between higher viral load at initiation and switching in multivariate analysis is consistent with prior studies demonstrating higher likelihood of discontinuing, interrupting, and modifying HAART regimens compared to lower values [12, 31, 32] . Prior antiretroviral use was associated with a two-fold increased risk of regimen switching (adjusted OR 2.06, 95% CI 1.63, 2.62)) suggesting possible HIV resistance. Van Roon [23] has described non-naiveté for ART as a determinant for discontinuation of initial HAART and Mocroft [31] showed that previously-treatment naïve patients are less likely to modify HAART. This finding also suggests that this population might benefit from closer monitoring after HAART initiation.
There are some study limitations. As the cohort is predominantly male, findings may not be fully reflective of HAART switching among women; additionally, while the cohort is derived from geographically and racially/ethnically diverse individuals from the U.S. population and is likely representative of those with open access to healthcare and medications, unmeasured differences may exist that could limit generalizability, especially to those who are socioeconomically disadvantaged. This was a retrospective analysis covering a broad timeframe and involved multiple sites (sites were not significantly associated with switching in the multivariate analysis) among which practice patterns may have varied. Additionally this was a cross-sectional study at twelve months. We chose this approach to reflect similar analyses in the literature.
CONCLUSION
This observational, cross-sectional study showed that there was a lower odds of switching HAART at one year between African-American race compared with Caucasian race. There was no significant difference between Hispanic and Caucasian race. Other race/ethnicity had significant effect on switching HAART regimen at 12 months; however, this group only represented a small proportion of the study cohort. Associations previously demonstrated in the literature may be due to socioeconomic or other confounders which are minimized in this cohort [32] . This study reinforces that clinical factors should be noted by providers when prescribing HAART, including low CD4 count, high HIV viral load, and depression, as these were associated with switching the initial regimen; closer monitoring and management of initial HAART may be warranted in these higher risk patients with HIV infection.
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